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U ’ P Introduction - - Ce =
; ’ . LT oo !
. ‘study explores certain aspects of the relationship between repre= -
. . sentations of students' knowledge structures: of science subject matter and . *
T eir success in.solving uerbal'acadgmgc problems. The students “are eighth ' T

-

graders, the subJect matter is descr1pt1ve geology, and the problemsvare

, “ , e

verbal analogie)s and set-membershlp tasks. s \ - -

The research reported here relates to the long-term research goal of

.the. Scientific Problem Solving and Inquiry ProJect of -.the Learning Research

g * >

PrS

and Development Center, v1z., t0~rdent1fy components "and processes necessary

far the de51gn-of 1nstructlonal programs<to teach sc1ence\problams-ﬁn.ﬁ;ydentst
[N - v 2
P ‘at thPfelementary and mlddle school levels.» The focus of our initial wo

. [ 4
S N " has been-to determ1ne methods for probing s tudents' knowledge strucgure >

.

) relate representatlons of student'knowledg structures to-problem-solving
i, ' . ved R ~

LA

.- competence, ‘and to assess the congruence between scleqpe content structures

.
,-l . ) s

L ) . as representeﬁ in sc1ence 1nstructlonal materlals and changes in the repre-

(TGS <Y R . ﬂ '\\A
H L ¥ ~
e ) sen‘ations of knowledge structures of students after exposure to 1nstruct10nal
Ty s, mater1als. . { . P
S, W e + S, - .
ST Our‘research bridges the theor1es and research parah1gms ‘of cogn1t1ve

»

psychology and the technology'of 1nstruct1onal design, “We view ourselves-

o -

prlmarlly as science edhcators, actively engaged 1n br1ng1ng psycholog;cal . '\ B
théory and»research to- bear on sc1ence 1nstnpctlon. 'f .

@ ‘

Knowledge structures and their relat;onshlps to problem solVing are areas

2 -

%[mcw

%saﬁmwma

e




N
-
Vot
Gt

.

cogn1tIVe psychoIogy Several 1nd1v1duals (e.g., Johnson, 1971 : . -
, _ . N - A
R Shavelson, 1974} Who have made 1mportant theoretlcal and methodologlcal

- - \ -

. L contr1but10ns to the research on science ‘knowledge - structures have p01hted

i‘) PR . - Y n » , ‘
\out "thit the.knowledge derlved from thls work has 1mportant implications , .
S N ‘." - As LY) B P ;
. ) for instruction. NeVertheless, dlffer1ng perspectlves on the relatlon- R

7
o < .
\

sh1p between knowledge structures and problem solv1ng are evident ‘ip the - \

» K

llterature. Paul Johnson (1969) suggests that more can be_ learned about the

N ~

PR extent to wh1ch an 1nd1v1dual understands a portion df science content by
- - ‘ 3 “ - >
T e analyzing “that individual's representation of the relatlonships'among the

- -

N .
by

.o _ . , : . . Wt 2]
., important concepts related to the content area than by asking the student

o ¢

. to solye problems.. Conversely, Bhaskar and - Slmon (1977) states the impor-

3 - -y - ~

“?

N ‘tance of knowledge structures to the ab1l1ty to mﬂveproblemsi B .

»

Toe o The theoret1c:} and, empirical Iinks between analogles and. knowle & . \' T

- - 2 ¥, ~'. 4

j structureshas been discussed in the recent llterature of cognltive psychol

D

.o ggy’ \Xpyest1gators such‘as Greeno (197 ), have stud%$d~ R ™

* ' ER 3 / v . .

o= the reas‘onl\g skllls 1nvolved in solv1ng analogles’ and have begun to- estab-
¢ - “ ‘. ]

v e llsh links between these skllls and other ment4l operatlons,.especlally e~

5] ’>

JIST
those frequently assoc1ated w1th problem solv1ng Analog1cll reasonlng 1s

. e ®

e T descr1bed essent1ally as a rule 1nductlon process 1n Jhsch gh“1nd1v1dual o »
: . e & -

searéhes for relatlonshlps among concepts, i. e., constructs a conCept struc- N
- ) - — o e’. ' .. By

R

ture. Thus, such processes play an 1mportant'role 1n.the development of . -

5

1 -

P m."\ . Wﬂﬂ"'}’- o " . A
concepts and of "knowledge networks." s, *f“w“ #* o
P 3 . A : .- s
. Q. v A

Set-Membershlp tasks are a type of Verbal problem that'has not been ~ '}

a

used often, if at all 1n~stud1es -of knowledge structures These.tasks C e

e R M Y

¢
,—-‘——-——‘77 i ome E

have features s1mllar to verbal- analogles.~ “An example of a set membershlp )
d ?’ @ '/ < :“°. C
g task 1s the followlng Put an; x on the word that does not’be&ong in thls~ b ",s D~

. -7 ,g. . . N

‘ set» E1ght de,kpple Five, Students must "seﬁrch thelr knowredge structures"

B~

. s - ‘,j’., 99 'ft'. N
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PR . ‘e ) ;o .. 3 -
for relations that link concepts. Set membership tasks contain the added

-

N \ Y .
d1ff1culty, however that the 1nd1V1dual is not provided with the "h1nt"

> of which terms "conta1n" the "h1dden" relat1onsh1p Instead he musf search .

all fodr or five terms for the pertinent relat1onsh1p. . . -

-

¢ The preV1ous work done in 1nvest1gat1ng science knowledge structures
- - and the1r relat1onsh1ps to problem solv1ng has been done wmth college and S
2 _' tos h1gh schoal students and has used content from h1gh1y formal1zed science

disciplines; e.g.,*mechanics (Johnson:d;§71; Shavelson, l979), mathe-* _

o " matics (Geeslin, 1975), and thermodynamics'(Bhasiar&~Simon, 1977). Our investiga-
- ) tiofls have been done with 6th, 7th, and 8th graders, and we have used con- S e
L R . . ( . R R - B
tent from a mugh less forma;ized discipline, descriptive geology.

,1 . _ T . / . - .

{

fo] T . bt v T s ————
~ // ~ Procedure -~ .

s , Instruct1onal Mater1als# Sett1ng, and. Sample . _ Coe
- { J . -~
-y jo ’

# . The” 1nstruct1onalymater1al used qn this reseirch deal with the subJect

- .

of minerals .and rocks, and_consi of a segment of the f1eld test1ng JYersion - -

M '

"+ . of the Lyell Unit of the Ind1V1dua11zed Sc1ence program (Champagne and

M ¢

. Klopfer, 1974 1972~ 1975) The LyellNUn1t 1ncludes aspects of descr1ptiue, PN 5
- -v’ - ~ N ) ’ R ’ %
h1stor1cal, and phy51ca1 geologx The\Inv1tat1on to Explore (ITE) M1nerals ..
. & o .
D and Rocks is pr1mar1ly ‘descriptive geology The. student's booklét for the =~ °'°
' - ,‘n .

+ - ITE 1s°67 typewr1tten pages long,.and cons1sts of read1ng text, man1pulat1ve

3

- - activities, and student se1f-adm1nrstered progresg tests On the average, ‘ L o

: \ . N
. . N . r

Kl . < ., - P N . ’
'a student completes the ITE in three to four weeks with five 45 -minute per1od§ !
. . . . . ' ' ) [ \: : . -. v
per week. . - . O 1 . S S
The ITE M1nerals and Rocks was des1gned to 1ncorporate struttural features M '\
. D . ~- . - - .. ;;’»
) of the content~of descr1pt1ve geology. The struCtural,relatlons.inclUde’h1er- 4 f;;:

- L o » - /
= arch1cal class 1n%%u51on, transformat16nal and def1n1t10na1 relat1ons., The L




classification'of rocks.é‘The two most important structural relations, one . *

v Ll - ’

. ;' ..° hlerarchlcal and ‘the- other transformat1onal are the classrﬁrcat1on of rocks t

? .
L]

. ' on ;he basls of how they form and the ronk cycle through which, each ofothree

-~ ——

. \*ihés of rock--rgneous, metamorphlc sed1mentary--can be transformed into
. N ?
. - , . -, . ~ . ~
‘e . e1ther of the other kinds. . ° S , - .
w s .- : ' . .. M . N

' ) R J ' -

content—structure is descrlbed in the text_and is represe ted v1sually w1th

’

s . -
I'e Ny 4 . ' . .

a draw1ng that 1Llustrates both the h1erarch1chal relat10nsh1ps among maJor e

concepts and examples of the conceptsin The 1ntroductory narrative summarlzes

- -~

’ -
- . these relations. They are elaboratEd on throughoutmthe text of the ITE.

, . ¢ ¢ ) -
Transformationa£‘relatlons are another maJor-structural feature represented :
e N

» 4

in the text of'the ITE. The design of our instruction in the ITE,Mineral .

-«

~ -

and "Rocks was executeq with structural prlnciples expl1c1tly in mind to faC1l-

.
. itate the student's learnlng and retentlon of the sc1ence concepts. However,

N
v

“*as suggested 1ﬂ the 1ntroddttlon“of thls report we also did this with an

eye toward the proposltlon that structural learn1ng fac111tates studehts' >

" bl " R , ‘ N
. roblem—solving‘abilit1es,~. . Lo : LR . e
1 Tn - * . “1yx - .’ < = —
T ’ - 'The study’was carr1ed ut in a’ sectarlan-elementary school located 1n

IS CURN

—

4 .large cit ty. The school's pproxnmately "400 students in grades K through 8

v -

. ‘ \come ‘ﬁiom 'fﬁl.ddle olass honfes in the 1mmed1ate ne1ghborhood- Class size typ1-

~
. ~
S, At ¥ . - L T 3
~ . - DR .

cally ‘Tanges between 25 and 35 students. R : : .
: (Y

L

‘a L

-t

2

h The sc1ence teacher selected 30 students, 17 female’and 13 male, from ' Coe

'the e1ghthograde classes to part1c1pate 1ngthe stddy. None of these students-

. N s, ¥

had‘preV1ously recezVedn1n5truct1on 1n geology.?‘All students had Qrev1ously
: N P . .. [
L studled other un1ts 1n ihe Ind1v1duallzed Sc1ence programz gThese'un;ts .

—

)

[ . ‘ u o
Consequently, all students were. famrlrar4with the me han1é§ of u51ng the
2o ‘, AT :

"flnstructlonal matérrals. k

u‘L
FRIC

r%:%( :"%\%} &“‘ e s




;[' ) \The study followed the pattern outlined below. o,

-
k 3

Pre- and Post-Tests, and Concept Structure Analysis Tasks

L.:‘Pre-inétructionab Concept-Structure Analysis tasks probing ‘for

structural.knowledge ehoot atoms and molecules, mrnerals, and rocks.

A
L N

. ‘. - . ‘ . . . - . B " .
2. Pre-test on.science content contained ‘in ITE, analogles, and

set membership. - . .o

3. Instruction using the ITE Minerals and Rocks. * )

4, Postxtest--same as pre-test. - )

.

5. Post- mnstructlonal Concept-Structure Analysis tasks--same as

s -

pre ~instructional tasks. Sy _ R

', .

The‘study”wae carried out over ‘a period of six weeks,'wfth one week

. . f . . -

©

for admini'stering the ConcethStructure Analysis tasks both before_and“after,

four weeks’ of instruction. A three-part test was administered just prior to

- . . N -

.instruction as a pre-test andggain when instruction was completed as a

post-test. The three parts of the pre- and post tests,con51sted of (1)

. ‘(‘ .
.

-a standard multiple -choice .item test coverimg the sclence content “of the -

\ . ) ot ~ 'v

ITE Minere}s and Rocks, (2) a 17—item aﬁalogies test of:key'terms used in ‘

o

70 .- I ; ’ SR A
the ifistructional materials,~(3) a 12-item set membership test where each

‘ v C . . o .
item contains a‘set of four terms, one of which the student had to identify

. . - i - . ’ .
. . . o ‘ "

to e . L .- 8
as not bélonging fo the set. (Representative items from parts 2 and 3 are -

Ve . . .

" ',_ shown in Tables 6,7, and«8 below.%. The pre-i an post;tests-differed only
y o/

_in part 1, whlcb cqntalned 45 1ter responses on the pre-test and additional
.0 N o

. . [ \

‘e

Y

-

‘*(responses onthepost-test These tests: were admlnlstered by theeclassroom .
- . .- . F* . . o'.

»
A

-
.

teacher. Lt o B : oIt |

L N . . . A Y

-~

The Concept-Strﬁcture Analysmé tasks were administered in three parts:
. ' o) . - e, L

. o K . s~ ’ ‘,' \,‘ e

| concepts, 1 i.e., concepts the de$1gners presumed~students conprehended and

e © & " .
whlch were necessary“for comprehen51on of the science content in the ITE

- g ,,."

: .
- - o -t -
& * [T R - . -
, TR A . -
'-ﬁ., [ J P r3 , N Ve * [ 4
o ot *, -~ [ . -
G NG i . p .
. DL - G e .

The f1rst part probed students' knowledge structures of prerequ151te sc1ence

é

(N
"



~ M v

. : ¢ .
 Minerals and Rocks. The second part probed structural knowledge of minerals,
and the third~part concerned structural knowledge of rocks.- For eath taei:j' ) i

", . . we used a different set of cards, on which the concepts were printed.

v - - . - A

Tﬁe_Coneept-Structure Analysis Tasks were individually administered

P . .
. . ‘ 3 1

: by a single experimenter, in the following manner. Each student was told of kY
'™ . ‘the purpose of ‘the study and was then led through a practice task that con-
'sisted of cards containing familiar anatomical terms. The terms 1nc1uded in o«

A
- -
- . N ' (

each set are listed 1n Flgure iunder thelr respective headings: ~Practice ~ -

Task ATOM Task, MINERAL Task, nd ROCK Task. For both the'practlce task and

4

each succeed1ng task the student was shown the set of cards and asked if’(s}he

. . . . N
$

'recognized each term in theset. “Then, using -the recognized terms, the studeht was

\ ]

'told that the object of the task was to arrange the cards in a way' that would

.-

[y

show "ho‘Wyouthmk about the words." The arrangement was laid outon a large piece N

, of paper (28 x 41’cm) and .the cards, wlf‘?h‘“had an adhesive on their reverse

®

sides, were pressed into place. The student was then asked to explain why he

-

ormnged the words in this particular way. The responses were :

« ~

recorded by draw;mg dines on the paper betwegn/c?rds de51gnated by the stu-

dent and wr1t1ng in the re1at10ns between words as described by the. student.

. 3

" The procedure for ad;nlnlsterlng'the Coneept-St_rucutre Analy¥is task ‘'was the=
.same before and after instruction, except that _it was unnecessary to conduct

. the practice task onsthe post-instructional administration.




s

- - s ®, ) @% - -/ . ’
. "*‘b_-v :’I - * ’ " * . ¥ . . ‘ N
~ N Methods of Analysis } .
t - ~ . s, .
Ana1y51s of Knowledge Striicture Representatlons ! N ; o
. \.a s 7~ o -

" Lo ’ . e
. on ascertaining, the degree of cqrrespondence between students' structures ’
. . A X .

and an "expert" strucfure. The ert #tructure is developed by individuals
; .

- ek

e o

study. ‘Ihe degree of corresponde ce between student and expert structures ‘

“ ’

.y . is ascertarned by assessing the exte7m to thCh certain crucial attributes
of the expert structure are prese t the student structure. First,-from

a carefui’analysis_of the expert $tructure, we prepare qualitative dbscrip- ’
. e _ ) o ' ) : . \ ‘
. Ations of the crucgal attributes it/exhibits. Then we search the étudent-

- . N

. . .- N - -~ l*:\ .
e.defined‘chiefly on the basis of.the L

‘s » 3 -

«:.. 1ng complex1ty. In the lowest tructuré class, “the organizing attrlbute is -

[
- -

N .: _simply some Zraphemic property,common to the-words themselves. " In the more“

!~ g complex classes, theawordssare-treated as concepts and it is the concepts
* . . )g(- . .

every set of concepts‘prese ted in a"Concept Strpcture Analysis task. ° o

-

s

. For both the ‘ROCK and/MINERAL conkepts wh1ch were: uﬁed rn our struc- \Nf .

tur1ng tasks, we carr1ed out analyses of ‘the knowledge structure representa- i ,
V o - e
. tions as outlined in th preceding paragraph A deta11ed descrlptlon of o

:‘how we’ analyzed the ROCK concepts and def1ned the ROCK structure c1as$es ST

\ -

15 glven in Champagne et ai. (1927) From that ana1y51s we reproduce herev“




the expert structure for' the ROCK concepts (F1gure 2) and the chart ‘sum- ¢ \
'é//%ZZ//‘ marlzlné the ROCK structure classes‘{Flgure 3) The dha1y51s of the MIN- S '

A ‘ERAL congepts 1s g1ven 1n the folloW1ng paragraphs.

. ¥ . Iy . -
¢ 9' o o o 07 6 o 6 s 073 ne v o ',p LI L T OO D I B B M ) o\ s ‘6 6 o o o o - v
. . * . . 4 >
L) - “

. nT . N INSERT FIGURE%iz and 3 ABOUT HERE

. - -
0.'00000000.000\0040‘00000000\0‘000000000000&

MINERAL Structuring Task - . / N : . ' )

L4

Given the words and’phrases of the MINERAL Concepts Structuring Task, .

.

(see Figure 1), thé\dgfinition'of a mineral provides ane major strutture,
\ °

- [ N °

. -

which is shown in Figure 4. Mineral class membership and non-membership U {

. relations form a second structure,-shown in Figure 5. The hierérchicai

—— ‘ =3

relations that exist between a spec1f1c kind of rock, the minerals of which

the rock -is composed, and the minerals' chem1ca1 comp051t1ons, expressed *°

u51ng both*a chem1ca1 name (e.g., ca1c1um carbonate) and a chemical formula
D .o %

o

- (e.g., CaCO }f define a th1rd structure. Th15-h1erarch1ca1 structure*is illus-, .

trated in Figure 6, A(Although %hls stipcture is des1gnated "h1erarch1ca1 "

. = 4

1t should be noted that it is composed o£ two different re1at1ons. Limestone -

- P 151callx conta1ns calcite crystals. Cadcite "con*ains" calciun carbonate -

+ -»

in the semse that, upon chem1ca1 ana1y51s ;ﬁe%mlneral calc1te w11L be’ found

to con51st of calcium carbonate, wh1ch 1s pre Eumeﬂ to mean molecules of cal-

cium carbonate, . 4 " . - e

. ; . INSERT;JIGLB{‘ Es‘a,'s, and 6 ABOUT HERE | S

o o 6 o o o s o n ¢ 0o o & o & o 0 e @ e ® o * 4 s o o ¢ o o
. - .

~
3
3
.
.
3
3
3
3

e st&ucture 1ﬁ Figure 7 is a mépresentation reflectlng the chemical R

- -

© relatlonshlps among theowords, as contrasted with the geolog1ca1 relatlonsh1ps
, < . \ “\

7o
PR o
'

P YN e
PR

~

- represented in FiguTe 6. Note particularly that from a chemlcal perspect1ve,

.

o calclte, 11mestohe, and sea shells are roughly anaIOgous, wh11e geologlcally% .
* O XN ; - : »""»
_~ they are quite distinct. Figure 8 depicts graphlfally how the hemical R -

N . L%
. . - . - o W .

v : i K ‘. . ’
. L « -

N o . . T
v - A .
. *
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» . - . \ v i ~ - Sl

. .properties of sevéral substances are compared with the properties hat’ def1ne ’

- ‘ . . N l

. the characferlstlcs of m1nerals to determlpe whether'or nbt the substance 1ns

. Y ~ l - - A N . . Vo
. . . . . : .

questlon is a m1neral. . , . . ~
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o . The 1ntegratlon of the 51x structures shown 1n Flgures 4 through 9 into

.one expert structyre is somewhat easier tofperform "in the head" than .on
- . A}
paper. As we havg done it (Figure 9),.many of -the subtlet1es of the: 51x

LA
’ 4 -

- ' separate structures are no longer evident. Nevertheless, thls 1ntegrated

[ y

structure does depict all the esSentail'relatlonshlps shown in the separate -

struc;ures_gnd4_therefore*~éan*serye_satisfactorily~as_thefexpert structure, .
s, . - * ’ [
. By analyzing this.expert structure, we can identify the crucial attributes _
¥ - .

exh1b1ted in 1t and prepare a qual1tat1ve descr1pt10n of these. U51ng the '

-

o~ L
*’descrlptlons of the attributes, we des1gnate a series of structure classes
. L4

for ‘the MINERAL Concepts.Structurlng Task A summary of these M ERAL struc-.- -

— ., ture classes is shown in the chart of Figure 10.a This chart 1s slmllar in

. . form to thé one shown 1n Figure 3 for the ROCK structure classes, and the

Ly ; functlon which the two charts serve’for us is the same. < o

Lo N '
. . e & o ¢ o o o ¢ e o e 0% o o & o & ¢ o o' LY ¢ 8T 6 g e o o 0 o o 0 . ‘s o @ at
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" INSERT FIGURES 9 and 10ABOUT HERE - T
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; '+ . Identification of High- and LOw-Structurlng Groups e ) S R
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. The main purpose “of .our ana1y51s of- knowledge structure representatlons .
—.:/ . :" e - ' ; e ’

N

"is- to establlsh a means by which - "h1gh" structurlng students and "low" struc-‘y ‘¥’

)|,. < . "

turlng students ¢an be 1dent1f1ed . Once’ a ser1esro£wstructure classes~has -
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A been des1 ated For ar set of conge ts, we can use the descr1 tlons of the e
_ gﬂ nf P P

.
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. classes to deC1de thCh attrlbutes Student structures must dlsplay to class;fy .
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them as hzgh or low structurers. S1n e“two serles of structure classes were (:* E
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constructed ,one for the ROCchon‘ce.pts (F’igure'S) and ano‘the‘r for the,

/

,
-

. .
«

o

AR
MINERAL concepts (Figure 10), correspondlng high- and low-structurlng groups -
L] ?qu
were 1dent1f1ed

\

. -
'

/o

o

)

€ 0 gt
- .

.

.

[y

-

For the ROCK\Concepts Structuring Task, high structurers were those

.

students ‘whose sfructures ‘Jisplayed attributes equal to or greater ‘than
. . *

-
" f
.

those. of .class W-5 on ‘the ROCK structure classes (see F1gure 3)

.>b‘
.
.

2
..

- Q

2

K3

. The criter- R ‘
1on for low structqrers was a rating-of \less than or equal to class W—S on L
the post-inStructlonal ROCK task and a rating of less than class W-3 on

the )

. Y - ’ . - ‘ ’ M
. pre- 1nstructJ.onal -ROCK task. . RN
) v
For the MINERAL Concepts Structurlng Task the only student whose
. . ol

~
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-
«
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2
>
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.
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2
2
rl
‘
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~
MINERAL ptructure was rated as class W,S or W-6 (see ‘Flgure 10) on the

s.‘ ?

pre- ox; post task was de51gnated‘ a h1gh str&gtu;er., A student whov was
;rated as class W—3 or lower ol both the

2
-
F
.
e
2
<
<

‘a low structurer»,

m' ~

‘Analyses o

1
[
D -
3

;re- uand post -task. was de51gnated '
’ N ,’\'\ 4" » .
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'-I‘he three parts of the wr1tten test ,we_ adm1n1stered before and after
; SRIR AN

}
ow

e 7 *
for.Geology Knowledge (part 1) and. on “two”

o
. Y.
‘ .
& e
:
‘am Y o

instruction y1elded scores for\each studeh”t's perfbrmance “on 1tems test1ng- ¥
s of vetbal problem 1tems, i
‘ -3
Ahalog1es (part 2) and Set Membershlp (part 3)¢ ‘We also obtamed each

‘
C
,“v » s
>

(SR
B ;

P . r
. . o ’

. -
N " G

L.
" .

stud'ent's l Q score, based oh "a recent adm1n15tratlon of the OtJ.s Lennon
tal Abllltles Test
o o o v

2

Y

For‘eVery score, the usual’ desch.]StJ.ve statlstic

b

.«
\
’

were,‘ca}culat:ed f0r the tgtal group,_,of students, as “well as’ the p‘roduct-s :
moment conelatlgns

> -0
-2
R

i .
tween. every palrt’of scores.

.
Uslng aet ~test-for‘ b’ 2
. correlated groups, we tested the, mgmﬁﬁu]ceﬁ‘ thekalfference be-tweem the”
/m.eans before"and after mstructl

i“\. ‘

\,
N
N

\. The same sequence of,

Vo

A ,):-
N N el ]
on on»eacﬂx score 5
i “1 . “w\ g ) el M
- anal es was repeatedr four t:uues”Z fpr 'studen

hbwwere identlfled “for the

‘highﬁs*t cturlng group “on the basis

. Ty
pf\the ROCK

Concépts StrUCturlng Task
3 e
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#‘1964){-'To compare the peiformances of the high- and lowigtructuring>gfopps

Y

- erform better “than low-structurih students. These analyses of 1nd1V1dua1 g
p g

for students‘who were so 1dent1f1ed'for the low-structurlng group, and for

I} [

he hlgh- and low- structurlng groups of students 1dent1f1ed -on the basis  *+ .- .

. of the MINERALS Concepts Struetur1ng Task. Using a t-test for 1ndependent

groups, we tested the ‘significance of the diffe;ezfe hetWeen the means/ofi c
:the.hi;hf and/low-st}ucturing groups on each score.d ’ ';_ff‘ : o
:- - In add1t1on to obta1n1ng students' scores* on the VerbaI prohiem parts

of the written test, we‘also ta111ed the number of correct and incorrect .

s ‘

: /
responses “for-each of the 17 Analog1es Items and each ofﬂthe 12 Set Membershlp

" able to ;dent1fy those 1tems on which hlgh structur1ng students tend to

< - v
Ltems both before.and after 1nstruct1on. Us1ng these ‘tallies, we tested the

- e
.

statistical’ significance of the pre- to post-instrictional changes in res-
ponsés for each item by means of McNFmar's chi-squafe test of change (McNemar,

° ¢ - . i

,of "students on each of the Analogles and Set-Membershlp Items,. we calculated

12z

the. proportion of correct responses for each group and tested the.statistlcal @

significance of the difference betﬁeen proportions by using a chi-square
* ) N ’\ (o ¢ s . lr‘ to ’ r
test, - This was doné for both pre- and post-instructionaI administrations

. ' o “

of the wnltten test and for the groups 1dent1f1ed by both ‘the ROCK and the-

- H ~

MINERALS Concepts Structur1ng Tasks. He used the four compar1sons thus ‘avail-

. 1tems prov1de more deta11ed 1nformatlon about students' performance than the

. ’
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scores for a whele set of 1femsw o T ' ' o ?
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"Pre- tPost-Instructiohal Changes in, Scores— -

-

“f : . Findings, .0 .~

.
¢ ' N - . . R ) -

. , Y \ .. .
we present the results of
analxses of n1ne score varlables viz.:

.

Geolgngxnowledge Items--con51st1ng of items admlnlstered both

@ .. R ) .
<" In .this and the folldwing two sectidqs,

v

. before and after 1nstruct10n to test the students'knowledge of the
¢

geology subject matter in the ITE’ Mlnerals and Rocks; maximum pos- °

sible scoyé:~ 45, . . o . )

v

., Variable 1 = Pre-instruétinal score

Vatiable 2 - Post-instructional score ) i

, -y o N
.

. 5 N .
Geology Knowledge Percent--percentage .of correct responses on thé °

geology:knoﬁledge pretest with a;tetal of 45 points and oqﬁﬁe geol-

ogy knowledge posttest with a total of 62 points; maximum poésible

score:

100,

L3

t

»

1

/

Variable 3 - Pre-ipstructional score

0

‘o
-

< ]

i

. Analogies' Items--maximum possible score:
= < T

" Variable 4‘- 'Post-instructional score

17

°

]

°

Variable 5 - Pre-instructional score
Varlable 6 - Post 1nstruct1onal score * T, .
B N P . *
Set-Membershlp Items—-max1mum p0551b1e score'"nlz .o
Vanable 7 - Pre- 1nstruct1€na1 score ) . - —
[ ‘ ~ > ’ b ’ ’

Var1ab1e 8 - Post-instructional score

«:-1.Q. - Variableg .- - ., " : S

.
*~

For«each of the nine vérlables just descrlbed the means and standard

-~

. v, ~

errors for all 30 students ;n "the .study are presented in Table 1,
- v
also shows. the pre~ to post-lnstructfbnal changes in mean scores on Geology,
‘ T, ' . , a , B
Knowledge Items, Geglogy Knowledge Percent, Analogies Items, and Set-Membership

~

This table
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Items. The statistical significance of each 6f these changes was tested

- \u51ng a t test for correlated means, and the results of these ‘tests alsg

< aré shown in Table_} We found that the pre--to post-1nstruct10nal g"ns_

in mean sceres were statlstlcally significant (p < 01) for Geology Kpowledge

g \ b N * -

Items, Geology KndWledgeAPercent, and Analogies Items, but there was not'a .

significant gain at the .05 level for the Set-Membeﬁship Items.
_ INSERT TABLE 1 ABOUT, HERE
% Te e e e & e e e e e e e e e e o & o o o o o e

Comparisons of High- and Low;Structuring Groups . ' i

.-

As described in the discussion of our methods of analys{/* we 1dent1f1ed

[

- group oh the basis of the ROCK Concepts Structuring Task. For these two groups,

the means and standard errors for all nine variables are presented in Table 2.

This table also shows the results of the t-tests used to test the statistical
/ P .

significance of pre- to post-instryuctional changes in mean scores: .

~t . L] L] L] L] L] L] L] ./.

“ "INSERT TABLE 2 ABOUT HERE . .

o . *" o . . 3 . L . . . . . . . . . . 3 . . . . . . . . . . . L] .
s

£y

- e

The .statistical significance of the difference between the means on each
- v
variable for the hrgh- and low structur1ng groups was tested using a- t-test
'
., for 1ndependent means$. The results of these tests are presented in Table?3.

Using these results and those shown in Tablé 2, we can compare the several

D %
' scores obta1ned by the high- and low-structur1ng groups that we 1dent1f1ed

-
¢

from the ROCK Concepts Structuring Task. . ‘w h

INSERT TABLE 3 ABOUT HERE . .

e & o o e s o e £ o 6. @ o © o °o @ * o

’ . ' . : w‘\ . 4 y
Before, instruction the h1gh~structur1ng group performed better than the

-

N low-structuring group (dlfference between means s1gn1f1cant at the .05 level)

- in both the Geology knowledge Items and Geology: Knowledge Percent scores.

X

5

" 10 students-an the high-structuring group and 12 students 1n the low- structur1ng

(ORI &
- T




LY

_ more than the high- structuring group.

For both scores the pre- to post- 1nstructional gains in the means were statigs

ntically significant for both groups, but the low-structuring group 1mproved

° 5'
Consequently, the post-instructional

. -

differences between the means for both the Geology Knowledge Items 'and Per-

~

cent scores for the two grOups are /not’ statistically dignificant (p >.1),
l ' ¢ ’
‘We observe a similar result for the Analogies Items score. Here the h1gh-
N - \
structuring group's pre-instructional méan is significantly higher (p< Ol)

than the mean of the low-structuring group, but the latter group S pre to

- a» .

. post gain is statistically significant (p <.01) while the'high-structuring

.

group's gain is not. Consequently, the post-instructional difference between

A

. the means of the two groups.on the Analogies Items is not %tatistiqally sig-

» .. S . . . 7 -

nificant at the .05.level. ! " i ‘o , !

N L
The h1gh structuring ‘group also o tperformed the low-structuring group
b A

on the Set-Membership Items score before instruction (difference between means

\

significant at the .05 level)u

o

Here, howéver, the pre- to post-instru9tional
A {

. while the low-structuring group did not gain

) significant at the .01 level

LY .
gain/was statistically significant (p<.05) for the high-structuring group

] ¢

~ The post)instructional d1f~

ferenoe between the means of the two groups on thq Set- Membership Items is

1

Finally, the difference between the -two, groups'

means on the I Q. score: is significant at'the 05 level

L3 S

In addition to_designating high-‘andflosttructuring groups of students

v

on the basis of the ROCK Concepts Structuring Task, we Elso employed the

student response structures ‘from the MINERALS Concepts Structuring Task to.
¢

1dent1fy high and low groups.

of our methods of analysis, we 1dent1fied 9 sfaignts in the high-structuring

group " and lO students in the low-structuring group on the basis of the'

MINBRALS Concepts Structuring Task, | of these 9 high- structuring group

students 5 also were members-of the high- structuring group of _ROCK Concepts,

’

4 1T€%~----~““r‘*“‘: - L - .\t

Using the criteria described in the discussion -

~.

*

N
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aand of the‘10'1ow-stxucturing‘groﬁp studénts on MINEkALS Concept%; 7 also ' .

were 1n the low-stru;turlng group on ROCK Concepts. While the overfap in

memberShlp of the h1gh- and low-structurang groups based on the two Concept

.

v Structurrng‘Tasks 1s con51derabIe, the perfégmance of the h1gh and low
7 !
- ) groups on MINERALS Concepts was somewhat different from the high and low . \\

»

)
~ groups on ROCK Concepts on the nine varlables fgr which scores were obta1ned:

L ‘.

In Tdble 4 we presentgthe means and standard errors for all nine

~

. .+ variables and the sagnlflcance tests for pre- to,post 1nstruct10na1 changes

. in mean &cores of the’ h1gh- and low:structurlng groups on the ba51s‘3£ the
Lo / . ‘ :

MINERALS Concepts Structuring Task. Table 5 shows.the,signifi- '

L3

¥

L _ cance tests for the difference between the means on.each variable for the o
. » . 3 . . - ] ’ . . ﬂ
"high- and low-structuring groups. ‘ R ©
e e s s o o o ’". ® o o o o e o o o e e o e e e o e o e e s e e "{ N A
, W _INSERT TABLES 4 AND 5 ABOUT HERE :
, ¢ o ., e e o o o o @ ) e e e s & o o o o o o-’ LR e & o o o o + o e e o e o °
- . ) \

- ’ ) The first four lines of Tdble 5 show that the means of the high-structurjng_

group.for bothtGeology Knowledge Items and Geology Knowledge Percent scores .

v

__yere.higher than the means of the‘low-§tructurin§ group both before and after )

in§truction, but neither difference is statistically significant-(p >.1) on .

. either occasion. Nevertheless, as Table 4 shows, both growps made stakisti:

+ . .ycally siénificant pre- to post-instructional gains in mean-scores for both
R ’ . ke . .

Geofogy Knowledge Items and Geology Knowledge Percent. Both groups also made

. stetisticafiy signific;nt geins'ﬁn fhe«means for the hnaiogies Items‘ecqres.“ .
.E-’ "from before to after instruction. HodeVer,'we see, in Tab;e.s thét tNe dif- .
-7 ference between the means of the high- and low-structuring groups for the'Anei;
o ogies Items scores‘is not statlstlcally 51gn1f1cant at the .05 level either E
AN . e

before or after instruction.

For the Set-Membership Items~.scores, -the difference between the means of
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the high- and low-str% turlng groPps is statlstlcally 51gn1f1cant (p < 01)
“sbefore 1nstrﬁctrpn, as well .as aftér 1nstruct10n.‘ The pre- to‘post- 2 ';3

.*c' . P .
1nstruct10ﬁa1 gain in the mean score of the h1gh struéturlng group is 51gn1f- ¢

«
&

icant at the .05 level, but therebls no change in the mean score of the. low- ;
structurlng group Finally, compaslng the mean 1.Q. scores of the hlgh-

and low-strugturlng groups, based on the MINERALS Consept StruCturlng Taskﬁ
we see that their dlfference is not stat15t1ca11y significant (p = .1).
A ﬁ)

o f . . . T
© ... .

Summary of Score Comparlsons ‘ ," .

The three pre- to post- 1nstruct10na1 gains in mean scores which are

. .

vstat1St1qa11y significant for thewtotal group (Table 1),also are stat15tica11§,
* 4 o* z . .' ,
significant for each high-.and low-struEturing group (Tables 2 and 4), whether
idéntified on the basis of the ROCK Concefgs or the MINERALS Concepts Structur-
. ¥ ’

. . . s -~
ing Task., Thus, improvement from before to after instruction was made in the .

~ .

,Geology Knowledge Items‘__eology Knowledge Percent, "and Analogles Items scores

for both the high-structuring and the low-structurlng students. The findings

are different, however, for the Set-Membershlp Items score. Here, the pre-

v

to post- 1nstructlona1 ga1ns in mean scores are statlstlcally 51gn1f1cant foyz (

the hlgh structuring students, identified by either set of concepts, but no
. \ , .. _
* statistically significant improvement is shown by the low-structuring students.

We also have four nean scores that”compare high- and Iow-structuring

students' shccess in solving verbal problems.- Whe,n‘;he groups are identified

N

o

on the ba51s of the ROCK Concepts Structur1ng Task, the hlgh-structurlng

§t9up performs 51gn1f1cant1y better than the low-structurlngjgroup in three
-% ‘ -
. of the four instances, V1z., on the alogles Items before instruction and on
\ .

the Set-Membershxp Items both befofe and after 1nstruct10n (Table 3). “When

, the groups are 1dent1f1ed on the basis of the MINERALS Concepts Structurlng

/

»
. .t 4 '

-

4
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b -

-
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' ‘ f’. * ‘ / ‘(‘
- . Task, the high-structuring ‘group performs significantly.better than the low-

structuring group in two of. the. four instances, viz., on the Set-Membership

" Items before and after {nstruction (Table 5),. We also note in Tables 3 and
. R . , . o :

" 5 that in those instances where the mean score of the high-structuring group

i -on the Analogies'or Set-Membership Items is not significantly dﬁfferent at

the .05 level from the mean score of the low-Structurlng group, the observed
LR

difference does approach thlS level of statistical 51gn1f1cance,. The prob-
: ability of obta1n1ng a t-value as large as the one calculated is. less than
.10 1n.:ach of these 1nstahces.<%?11 in alY¥, the comparisons of mean scores

AN ’ . -
provide some positive evidence that students identified as being in a high- \
' - u

. structuring‘grouﬁ are more successful in solving verbal problems than students
L4

. B M

in a low-structuring group. ' . “

Analysis of Analogiés and Set-Membership Items : \\F : -

¢ For each of the 17 analogies ifems and 12 set-membership items we compared .

the pre-*and post-instructional ﬁer?hxmance.of‘students in the total group by

- -y
__— using ch1-square te test’ the significance of the changes in- correct and 13cor-
. * 'J "

rect responsés,;o the ttem. TFable 6 alsplays those items for which ‘the test

4

)

of change yields a statlst1ca11y 51gn1f;6ant chi-squdre (ndf = 1) at the .05
. [ R )

] level or less. It is 1nteres&1ng to nate that there is a statlst1ca11y 51g-

n1f1cant pre-post gain for only '3 of the 17 analogies 1tems, even though the

pre-post change in the Analogies Items mean score (see Table 1) shows an

increase of more than 2 1t§hs correct and is statlstlcally 51gn1f1cant at the

. . .01 level, ThlS ga1n in the mean score for a11 students, thén, is-due pr1mar-

- 3 »
. v N

ily to, modest (1.e.,rnot statistically significant) 1mprovementsidlstr]buted
- LS . N . - )

_amofig many of the analogies items.

v

. . INSERT TABLE 6 ABOUT HERE
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Examination of the items in Table 6 also réveals two other noteworthy
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features. ;First, for fhe‘S'analogies items which showed ‘a statistically

o b3 ’

51gn1¥1cant pve-post gain, the 1mprovement can reasonably e attributed to

A

speC1f1c knowledge which the students probably acqu1red from studyln the

ITE Mlnerals and Rﬁeks.

For example, with reference to the third item,
1{5\- *

a~ “ . ’
. .

the information'that sea shells are composed of calcium carbonate is specif-

- -

~

e

\<

1cally taught in the ITE "Second, the. last item in Table 6 showed a statis- b/”)

tlcallx slgnlflcant pre- to post- 1nstruct10na1 loss‘;n the proportion of

a11 students getting it coyrect. In the-information about tlis same set-

-

'membershlp item g1ven 1n Table 8 (below), we-observe that n arly all of thg

" this criterion are‘displayed in Table 7, while Tablee8 displays 7 set-
' ' - 2

L e . o ‘ Y
, Pre-post Ioss is probably ng_to the performance qf studen

P

|
1;do so, w

[

: ‘ !
structurlng groups who gavé the correct response to each tema We used chi-|

¥

‘square to test the sagniflcance of the difference between“the proportions.:

’
L] ’ N IS -~
N

and chose a-p of :20 as the level - of significance for this test.  For an -
“tend: to per-
- E

form betté& than low-structuring students, the caIculatedvvalue of chi- squar

1tem to be selected as one on. wh1ch hlgh sﬁrueturlg students

~

had to haVe ap less than +20.in at least two of the four comparlsons and a

.
.

p less than .05 in at least one comparlson.
)

The 'S analogles 1tems wh1ch met

PN

.e

|
£

(44

-membership items on which high-structuring ‘students tend to perforn better

Y

tha'l low-structuring studeiits, ch comparieon'(RI;'ﬁF, ME, ‘and MFf{-
. A - e . ( .

the proportion of high-"and lo -structuriﬁg studehf% who'gaée the torregt'

.o . =%

»F

:{ a

L




response to the fitem also'is shbwn in the tables‘ From examinations of the '
items in Tables .7 and 8, we can obtain some add1tlonal 1n51ght:linto pos-
' J~ . 0

sible dlfferences between h1gh» and low-strugturang students.

ese are dis-

,

-
cussed in the folloW1ng sect1on

4
® o o o o

Discussion

A carefoL anakysis of the items that'comprise the three‘parts of the

pre- and post rnstructlonal wr1tten test lndicaéts that, w1th very minor

—
- * v

! /
exceptlons;.the items sample terms and relationships from a small’ very

well def1ned content domaln. For example of ‘the 17 analogles items, 6qu
. s}
3 ‘contain terms that are not included in the ATOM ROCK and MINERAL .
P Y

Conce ts Structunn Iasks (see FlgltI‘e 1) Onlﬂy one Of théSé analogies
p g
-

1tems tests a relatlonshlp not 1ncluded ingghe expertf-siructures of the

¥ .

three tasks" Of e 12 set-membershlp 1tems only 2 conta1n terms not

<

1ncluded 4in the structuring tasks. JIt is 1nte?est1ng, therefore, to .’

peculate on p0551ble reasons for the observed dlfferences,in the total

v B} s -

group performance on the Set Membership Items and on the Geq}ogy Knowledge.
. 2 :

L v "

' and Analogous Items.

o r
" » .

A Lo
= The total group amde slgn1f1cant 1mprovement on the Geology Knowledge ’

a

' and Analog1es Items, but only the students in’ the'h1gh stqecturlng groups

made sign1f1cant gains' 1n the Set Member$h1p Items.‘.fhls suggests that
R /

Y

some factor or factors other than knowledge (r; :! ab1lity to recognlze and

. define the terms and ab111ty to 1dent1fy the relatqonshlps among the terms)

+ - N ~ _
contrabute to the scores Moreover, these factors contrlbute Jore to the B

.,.

Set-Membersh1p soore.than to the Geology Knbwledge br Angloﬁles score.;

-




g

- that’they'had o

H

20

membershlp 1tems are‘,’eater than the ﬁroce551qg demands for’the analogles

~ .
4(

and that the Sﬁ%c;flc Rroc9531ng‘ab111ty is related to ,the Process ogélmpos-_

‘ ing structure om 1nformat10ﬂ In comparlson w1th the analbgres 1tem§ the
.,\(_;3 -

set-membership items are,quite unstructured. We hypothe51ze°tha§ to solve

- .
” >t °

- the problem wh1ch the agem presents,tthe student must. 11tera11y treate a ‘.

o , si Y 2

kﬁowledge strd%ture that re1ates all but one of the ter%s 1nwthe item in

v J

\( vy

). .

r

coherent way. It is ‘interesting. tg note that we have some evidehce that

. students were generating structuy és'using relatipnship5qgther than those

¢ - 4 > [

. . N . & . )
taught in the instructional,mateaial”. Ope»set-membersﬁip“item co ist§/

of these terms: calc1te, diamond; gran1te ha11te.1,A11 the students who |,

’ - T
.got this item wrong. sélected dlamond as their response. Thls ;ndlcates

¢ d o ’? AN h- 4 —

consrdered the geologlc relatlonshlps among the Ftems but

had 51mp1y noted that three of the terms were relatéd by the common graphemlc %

4 “ . w
. > & " . L.
_egdlng, -¥te. 5 o . .o
. 2 h ‘ " 2

N

The ;nterest;ng d1fference$ we have noted between students"success ins

. T

iy

SOlVlng.the analogles and set-membershlp 1tems suggests that theSe Verbal =

Al 1 X

problem types might be useful foruproblng xheointeradtion-of’knowledge-and

- : : e s L4

in the solution of simple verbal problems. vo-
o ' ‘% ‘ ." ’ “ 'a‘ T ’ ' ’

process

A
a

£y
i

v

e

<




s ' Medns and Stdndard Errors_of all Variables for the :

Total Group and Pre- to Post-Instructicnal’ Chadnges <

A

oo \ Variable

e

1l Geol _PRE
"2, Geol ! POST
3 Geo; % PRE
Geol % POST
5 Analog PRE '
& -
6 Analog POST
Set-M PRE

-8 - Set-M POST

I

I
0w

- - I .
et
.
ol L
. .
14 1
- - .
R .
s
. , )
<
.
-
-
Y 4
: . .
¢ R -
:’ L .
g . v~ sy .
. “ e
. PR
i 1 4 G v
. ‘ =
Z‘A
) .
o
..
»

Mean™__S.E.

a0

22.30
28.43

54.23

*

63.73

7.13

9.23

5013

5.73

109.33

o4,

0.80
1.08
1.95
2.2?
0.47

0.54

©0.29
. 0.40

~2.12

.
\
N
LA}
1
. €
.
¥

(N = 30).

" Table” 1 ‘ o _ .

K : ! ]

.b‘ - - ~
. e

PRE. to POST Changes . ‘ !
,Difference. S.E.. t- * P : .

+6.13  0.88 694  <.01

+9.50 1,78 '5.32,  x.01

+2.10  0.52 foa <. . )
L ] ‘ .
+0.60 .0.31 1.92 .1>p> .05

¢
- &;
- . L3 b
/ - ™
‘ Y
® -,
i
V. ‘ \ ) ’
1 ‘ 9 - [
by 3
o 3
- ’( + .
kl
v ' v N
. - %"
; - '
. B \ 3
! ]

- " ’
4 - -
23 *
] .
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o e v N - . ' l -
- " Table 2, . s .
X ,
s " Means.and Standard Errors of All Variables for the High-
, e and Low-Structuring Groups on the ROCK Concepts - :
e - . §tructurir}g Task and Pre- to Post-Instructional Changes °
i - " . ) ‘ . —_ . .
.- Variable - “Mean . S.E. PRE to POST Changes
4 * - ‘ ) ‘
PO & : . Difference 'S.E. /t - p
'ﬁgh-s{:ructuring Group e . -
on ROCK Concepts (N 5 10) -
’ ‘(
1 Geol . PRE  24.40 1.46 a .
2 Geol .POST “29.70 1.74 +5.30 . 1.61 3.30 . <.0l
. . .. e .
" 3 Geol % PRE" . *59.20 - 3.57 . >
4 Geol % POST.  67.80 4.29 ' . +8,60 . 3.04 2.82  «.05
5 ;AnalbgiPRE v 9.40, - 0.48 . .
' 6 Analog POST* ' 10.40 0.8% - +1.00.  0.70 1.43 > .1
. . : — et ./
7 Set-M PRE . 6.00, 0.36. * ° S .
. ‘ 8, Set-M POST . ‘7.40. 0.72 , ° #1.400  0.58 t2.4jl <705 > ‘ /
* \ : . * ’ “’ * s | .
9 1.q. = 116.30 3.91 . . & ‘
g > . . LR Y e . s
0 Low-Structuring ‘Group . ' ] ! "/~
) on ROCK Congcepts (N‘= 12) S ’ .
, -+ 1.Geol PRE,. 20.00 "1.18 L~ ‘
. 4> Geol POST  26.00 1.90 ' ,+6.00  1.35 '4-‘.}5-;\ <ol .
. 3 Geol %.PRE 7 .48.75 2.8 ; o :
(A .. o ; 4~;¢ " ’ ¢ -
4 Geol % POST .. °59.58 °'3.73" | +10.83  .2.82 3.84 <01
5 _Analog PRE: *5.67 ' 0.72 \ . L
;—‘»:"4 - - . DR 2 - )

K}

‘" 6 Analog POST

7 Set-MPRE . 4420048 ) LT
* . . B i H - ‘ » -
8 Set-M POST_ 425 0.35) -0.17.  0.44 0.38 >,
. - ' - o 0 K
L% 9 I"tQ. ’ ) 1040‘42‘ i 2050 .' . . * , . .
: - - - | , o
e " 24 . L .

8.25 b.82 [ . +2.58  0.83 3.11 .  <.0l

‘ &'}2
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Significance of Difference between Means on Each Variable - . oL
. .+ . for-High- and Low-Structuring Groups £ ’ I -
T on the ROCK Concepts Structuring Fask o
S ' N : ' i N ’ . *. . . %‘i{ - ‘_)_ ‘:\‘
* . Variable. Difference, v SuEnl C ot ST pe )
. e . between Means L . ‘ i .
. (High-Low) . . - . T N
© 1-Geol .PRE 4.40 . 7. 1.86 .. 2.37° <.05 ]
‘ N [ . ‘ .
"2 Geol - POST - 3.70 2.62 1,41 >a1 )
. 3 .Geol % PRE ¢ 10,457 4.54 2.30 . o<0s |
«- 4 Geol'% POST 8.22 . . 5.67 1.45 >0 \
B . ’ .k
5 Analog PRE 3.73 ‘ % 0.90 4,13 <.01 o,
6' Analog POST 215" 7 116 1.85-, .1>p>.05 ‘
. ; ) e . . ' . o . o E
. .7 Set-MPRE . 1.58 0.63 . 2,52 <.05 [
<\. ) - l ! “ ! ) ) * /—. - -
. 8 Set-M POST 3.15 - 0.75 4.16 <.01 /"
/ N ’ e .
9 1.Q. .- 11.88 . 4,50 2.6 . ¥ <05 Y
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’ . . »’& EY ) 3 L (
\ ¢ ~ .7 g 4 ‘ {‘
. . g . ~ . . s :
- . . | .
. : ‘J“ N . o ,“ A y
¥ f ! . -~ T N \
SR “ o R
[y ‘}-: ~
$? . ¢ .
S “;‘ f" . Y




¢ < y ot ':; P ‘ b . ‘;‘ =~ ¢ & "
: . - ' \ ,\: N ‘/ »
. - A i > »
N > " \ . ‘) ~ ‘/\’ e . o-
’ ' . . * o . ! ; .
- : .; .05 . 2 ) .Q . . ‘ ‘ - "\« ./\ . . z
‘ N ! < \ ‘ ) [ ¢
A .- . : ot - Table 4 ) 7 ‘
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b sy &eans and Standard Errors. of All Va 'ables for the High- . N

. -1 N and Low-Structuring Groups; on thé MINERALS Concepts N
0 -y Structurrng Task and Pre- t OSf- nstruétional. Changes - "
r,‘.‘v(v 3 i .« . - ‘o . a - '\/ . & a “
C ey - .. 'xj o * , e
T Variable - Mean - - S,E. PRE to POST Changes - -
.. o ., e . q RN ) :
'r.:. ‘~:-, R ..’“. . " o N “ s ’/ﬁ . S.E. » 't R p “
X - .~ High Structurmgﬁf roup .. K . . ' < -
" on MINERALS Concepts’ '{N =9) . « s - .
(e N N ) ) Vo : ~
S .1 Geol TRRET. 22,44 1,71 . - p v
R — G Ja

2 Geol P@®  .30.33

/- TP 99 Geol "% PRE-  '59.44 4.12

70400 : +10 56

A 4 Geol 3, POST

Al

LI

.+ ' 5 °Analog PRE
Ty
S

/

% 7. Set-M_PRE'

+2+ Geol«™POST |

3 Geol. % PRE- 51440

¥ 4—Geol % POST .

6 Analog POST

.8 Set-ﬁ"l;GST_ ’
R (/

37.60

60. 80

610
8.50
4,20
4 .,'29,*“

108.50

2,66

3.72

4.82

\ft 35 \.‘2.43 ¢<05 L
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. o N
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. ! t’ - - ! Yo s
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3 - 73 .MM S a ) -

"" .5 Aﬁalog PRE U g >0.76 V\ A o
- e Analog POST 11.00 0.83 ) .+2%‘~ <.01 Ao
e A Y T Lot ~ . L
! LT Set-M PRE - ;/89 045+ s el
§ Set-M POST 7.78 Q&76 . +1.89. <.05 .
: 9 1.Q. 11744 ibé BRI 4 0
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¥ Variable .

. PN LT » betWeen Means - N
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TRAa .o 3.3 . 2,29 S T

T o, ) . ) » o
o LT ’ 3.2 ° - 0.83 . RIS
N . 8.04 .- 5.54 , 1.45 - S
S \ 9,20 ~ 6.39 1,44 - >0
¥ L : ~ Ra .
2T s Analog»pms : 2.12 1.18 1.80 1>p>.05 - -
y ° .. N : “. o " N h
. 6” Analog, POST 2.50,) 24 200, *.13p>.05
i ’ _ Ny o v T .. o g Y A . N -
o 7 ‘Set-M PRE "= 1.69 -7 0.55 3.06 , ° <.01 .
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Table 6

Analogies and Set-Membership Items with Significant
Pre- to Post-Instructional Changes ‘for the Total:Group

: (N = 30)

‘ -
Y Al

-

LAY
Proportion
Correct,

PRE POST

»

¥ .

Sediment is to‘sedimentary rock as heat and pressure.
sedimentary and igneous rock are metamorphic rock
. to - . ; limestone and gngnite
. 4 3 - o meFamorphos1s‘§
Q.is to.CaCO3 as , is Qarboﬁ
. T y —— molecule = .
O to -compound element .
C . - « atom,
s I v ‘- 4
-+ sea shell is to as natural
diamond is to carbgn calcium carbonate
. ’ , ‘ ) molecule
) . atom
’ Cross aut the word that does not belong with the other three:
. Erystalline structure inorganic naturally occurring organic
. crystal \ ice - water water vapor
. -~
+ <o .
\ -\~28“ 13 #’ ;

.67’ .83
.40 .70
.20 .47
.07 .38
76

.52

'X.z for
- Change

"5.00

5.40

6.23

7.00

P
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o Table 7 ¢
¥ Analogies Items on ﬂg?ch High-Strucﬁﬁring Students Tend to
’ Perforn Betten thali Low-Structuring Students
, ‘ ,
1

P~ i v 0

‘ T “%C\\T<.. ) Proportion . 5
) Group*  Correct X" for -

h High Low Difference P
carben is to atom, is diamond RI .60 .17 . 4.43 %,05
to molecule calcium carbonate RF .40 .25 | 0.57 N.S.

¢ompound T MI .33 .20 - 0.43 N.S.
» . ~. element: . MF .44 .10 2.90 <.10
halite is to NaCl as table salt is NaCl | R .90 - .42 5.51 <.05
to N molecule ' ‘RF .70 .42 1.77 <.20
_ v’ . atom ’ MI U777 - .40 2.77 <.10
" , cube MF .88 .60 2,04, <.20
ﬁlneral is to i norganac as’ . °  animal’’ . RI .80 .25, , 6.60 N <.05
sea shell is to v © “trystal RF .80 ..50 “-2.12 <.20
” i . organic. MI .44  ,40 - 1.17 N.S.
, . . . naturally occurring MF .66  ,40 - 1,35 N.S.
2 ) v - ‘ * . - ‘ ' ) ~ '
- sea shell is to as .. natural .RI- .40 .08 3.12 <.10
, diamond is to cambon calcium carbonate * RF .60. .33 1.56 N.S.
S ' _ \ molecule MI© .33 .10 1.55 _N.S.
. . - . atom’ - MF .66 .30 5.12 <.05
minéral is to as +  unnatural RI .90 .58 : 2.76 «<.05 ©
- bread is to made by humans flour RF. .70 .58 ..32 N.S.
C - ’ dquartz. - MI - 1.00 .70 . 3.21 <.10
. _ , natural T MF 77 .70 . 0.15 N.S.
- e T 1qd1cates groups 1dent1f1ed on b351s of ROCK Concepxs
. . M indicates' groups identified on basis of MINERALS Concepts
. > . I indicates pre-lnstructlon test .

F indicates post -instruction test : T-

»
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Table 8

.

”

1 Perform Better

PRy

- 31,

Set-Membershlp Items on which High- Structuring Students Tend to
than Low-Structuring Studemts

~

3 .

L4

<.05

1

P

<.05

N.S.
<.20
N.S.

<.20

<.05
N.S.

<.02

<.01

<,.05
N.S.
N.S.

* N.S.
<.05
N.S.

N.S.
<.05
< .05
<.02

‘

. v Proportion 2
. . " *
Cross out the word that-does not belong - Group HiCt;}rrethow_ Di}feig ce
with the other three: ~ - g . .
. t 4 "
lava . RI , 1.00 . .55 &,97
’ limestone RF  1.00 .91 .96
. sandstone MI .88 .66 2.68
- shale MF  41.00 .88 . .27
crysta111ne structure "t RI 0.00, .18 2.01
‘ inorganic ’ RF . .50 .09, 4.30
naturally occurring MI 0.00 .11 1.06
' . wsorganic MF .66 .1} 5.58
landform RI  1.00 .64 \9.55
o v mineral . RF .90 . .64 6.39
. ’ rock . - MI .88 .88° 0.00
table salt MF .77 .66 &p\ .28
carbon RI .10  0.00 1.15
crystal . . RF ;40 0.00 5.44
: . diamond > X MI A1 0,00 '1.06
graphite, MF .44  0.007 5.14
compound X RI 230 .09 1.49 °
element RF «60 .09 6.11
N mixture o MI .44 0.00 5.14
solution ME  ..66 .11 5.58
E “ *
' ¥R indicates'groups identified on basis of ROCK'Concepts. -
M indicates groups identified on basis of MINERALS Concepts
- I indicates pre-instruction test:
" F 1nd1cates post-lnstructlon test. -
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Table 8 (continued) ' ' L
: o L ) Proportion 7
Cross out the word that does not belong ‘. Group*  Correct X° for
with the dther three: b . : High Low Difference -~ p
crystal Lo . RI .i&/’.sz - - .40 N.S.
: ice .- . RF 70 727 3.83 .05
' water MI 77~ .66 .28 . N.S. -
water vapor MF A7 122 5.56 <.02 -
R4 . , : : .
sedimentary rock RI 1.00 273 3.18 <.10.
sandstone RF .90 .73 1.01 N.S.
-mineral ‘ MI 1.00 .66 3.60 <.10
) ‘ limestone MF 77", .66 .28 N.S.
i -— ’ . '
& ’ ! e ’
- ? -
» I ’ .( )
. ’ _ *R indicates: groups identified on bas1s of ROCK Concepts
. M‘1nd1cates groups identified on basis of MINERALS Concepts
. - I indicates pre-instruction test
F indicates post-instruction test
§ .
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14

COMPLEXITY
OF
STRUCTURE

-

W3 We-d

W-5

)
.....
.....
RN A
_____
.....

l,,..,;-;ww"‘"”'"wwww,m [graphemeﬂle— Words Group—————>

Group
' CLASSES OF STRUCTURES” ~

14 ' .

fragments of. the hierarchical .and/or transformational

structures

[

. 2 .-
CLASS ATTRIBUTES OF THE CRASS .
W-6 - integratioh of hierarchical structure and transformat1ona1
. structure into a single siructure .
W-5 hierarchical structure plus fragment of transformat1ona1
® structure i
W-4 hierarchical structure or transformational structure .
W-3

' usage label

-

-

two or more words related by a sin

gle techn1ca1 or generi}

*

T

two or more words, unspecified relationships.

A

i

two or more words related by a single morpholog1ca1
characteristic ‘

3

Figure 2

.

Attributes and Classes- for ROCK Structures

-
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face Chemical'substances . calcite mineral - - limestone sediment
foot . molecules - ¢alcium carbonate °~ NaCl : magma  seédimentary
heel ' ) carbon ‘‘'shells of sea marble shale .
metatarsus ' - b " -animals > ) : slate
nose - diamond ‘substances with a . '
soul e s " characteristic crys- ,
toes o " talline. structure *
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